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Description

BACKGROUND

Field of the Invention

�[0001] The present invention pertains generally to mul-
tiple cannula systems and methods and some preferred
embodiments pertain to dual cannula tracheostomy tube
systems and methods.

Description of the Related Art

�[0002] Cannula assemblies are often used in medical
processes. For example, in performing a typical trache-
otomy, a surgeon often surgically creates an opening in
a patient’s neck and into the patient’s trachea (i.e., wind-
pipe). In this illustrative context, a cannula is often placed
through this opening (i.e., tracheostomy tube or a trach
tube) to provide an airway and/or to enable secretions to
be removed. Cannulas are also used in a variety of other
medical environments.
�[0003] Illustrative medical systems and processes em-
ploying, e.g., cannulas are shown, by way of example,
in the following references, the entire disclosures of
which are incorporated herein by reference in their en-
tireties: U.S. Patent No. 6,135,110 entitled Tracheosto-
my Tube; U.S. Patent No. 6,105,577 entitled Advanced
Tracheostomy Tube And Oral Endotracheal Tube Hold-
er; U.S. Patent No. 5,819,723 entitled Methods And Ap-
paratus For Reducing Tracheal Infection; U.S. Patent No.
5,762,638 entitled Anti-�Infective And Anti-�Inflamatory
Releasing Systems For Medical Devices; U.S. Patent No.
5,626,132 entitled Tracheal Tube With Built- �In Vocaliza-
tion Capability; U.S, Patent No. 5,515,844 entitled Meth-
od And Apparatus For Weaning Ventilator- �Dependent
Patients; U.S. Patent No. 5,487,383 entitled Tracheal
Tube Cuff Inflation Control And Monitoring System; U.S.
Patent No. 5,230,332 entitled Methods And Apparatus
For A Micro-�Tracheal Catheter HUB Assembly; U.S. Pat-
ent No. 5,217,007 entitled Speculum For Forming An Os-
tomy In A Trachea; U.S. Patent No. 5,217,005 entitled
Apparatus For Performing Percutaneous Tracheosto-
mies And Cricothyoldectomies; U.S. Patent 4,987,895
entitled Tracheal Tube; U.S. Patent No. 4,924,862 enti-
tled Pressure Controller And Leak Detector For Tracheal
Tube Cuff; U.S. Patent No. 4,817,598 entitled Tracheos-
tomy Tube With Ring Pull Removable Inner Cannula;
U.S. Patent No. 4,471,776 entitled Static Tracheostomy
Tube; U.S. Patent No. 4,419,095 entitled Cannula With
Radiopaque Tip.; U.S. Patent No. 4,315,505 entitled Tra-
cheostomy Tube With Disposable Inner Cannula; U.S.
Patent No. 4,235,229 entitled Adjustable Tracheostomy
Tube Assembly.
�[0004] Existing cannula systems had a variety of limi-
tations. The present invention was made in view of these
and/or other limitations in the related art.

SUMMARY OF THE PREFERRED EMBODIMENTS

�[0005] The preferred embodiments of the present in-
vention provide substantial improvements over the
above- �mentioned and/or other systems and methods in
the related art.
�[0006] According to some embodiments, a multiple
cannula assembly for insertion into a patient includes: a
flexible outer cannula having a proximal head; a flexible
inner cannula having a proximal hub; the inner cannula
being longitudinally insertable into the outer cannula to
an insertion position with the hub inside the head; the
head including at least one ridge and the hub including
at least one protrusion, the hub being rotatable to a locked
position with the at least one protrusion under the at least
one ridge upon rotation of the hub within the head from
the insertion position; the head including a connector to
connect to respiratory equipment in the locked position.
Preferably, the protrusion is locked upon rotation of the
hub about 1/4 turn clockwise. In some embodiments, the
assembly includes an expandable cuff. And, in some em-
bodiments, the outer cannula indudes a percutaneous
tip. Preferably, the hub includes a knurled portion that
extends from the head when in the locked position.
�[0007] According to other embodiments, a multiple
cannula assembly for insertion into a patient includes: a
flexible outer cannula having a proximal head; a flexible
inner cannula having a proximal hub; the inner cannula
being longitudinally insertable into the outer cannula to
an insertion position with the hub proximate the head;
the flexible inner cannula being made with PTFE. Pref-
erably, the PTFE includes nodes and fibers. Preferably,
the nodes are arranged around a circumference of the
inner cannula and/or the fibers are oriented along a length
of the cannula.
�[0008] According to other embodiments, a multiple
cannula assembly for insertion into a patient includes: a
flexible outer cannula having a proximal head; a flexible
inner cannula having a proximal hub; the inner cannula
being longitudinally insertable into the outer cannula to
an insertion position with the hub proximate the head;
the inner cannula being made with a material having fib-
ers oriented along a length of the cannula and nodes
around a circumference of the cannula.
�[0009] According to some embodiments, a multiple
cannula assembly for insertion into a patient includes: a
flexible outer cannula having a proximal head; a flexible
inner cannula having a proximal hub; the inner cannula
being longitudinally insertable into the outer cannula to
an insertion position with the hub proximate the head;
the outer cannula including a substantially rigid tip portion
and a substantially flexible portion, the substantially rigid
tip portion being made with a rigid PVC material having
a shore D hardness of between about 55 to 65 and the
substantially flexible portion being made with a flexible
PVC material having a shore A hardness of between
about 80 to 90. Preferably, the substantially rigid tip in-
cludes a substantially conical front-�section, a large-�diam-
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eter substantially cylindrical mid-�section, a downward
step, and a small-�diameter substantially cylindrical rear-
section. In some embodiments, the rigid PVC material
has a shore A hardness of more than 15 greater than the
shore A hardness of the substantially flexible portion, or,
preferably, more than 20 greater than the shore A hard-
ness of the substantially flexible portion.
�[0010] The above and/or other aspects, features
and/or advantages of various embodiments will be further
appreciated in view of the following description in con-
junction with the accompanying figures. Various embod-
iments can indude and/or exdude different aspects, fea-
tures and/or advantages where applicable. In addition,
various embodiments can combine one or more aspect
or feature of other embodiments where applicable. The
descriptions of aspects, features and/or advantages of
particular embodiments should not be construed as lim-
iting other embodiments or the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0011] The accompanying figures are provided by way
of example, without limiting the broad scope of the inven-
tion or various other embodiments, wherein:�

FIG. 1 Is a perspective view of an assembly accord-
ing to some illustrative embodiments of the Invention
being manipulated via a user’s hand;

FIG. 2 is a table depicting some illustrative features
according to some illustrative and non-�limiting em-
bodiments of the invention;

FIG. 3�(A) is a top view of an assembly including an
outer cannula having an attached head and an in-
flatable cuff according to some illustrative embodi-
ments of the invention,� FIG. 3 �(B) is a cross-�sectional
view of the assembly shown in FIG. 3�(A) taken along
the line 3B-�3B’ shown in FIG. 3 �(A), and FIG. 3 �(C) is
a cross-�sectional view of the assembly shown in FIG.
3 �(A) taken along the line 3C-�3C’ shown in FIG. 3�(B).

FIG. 4 is a plan view of a neck strap according to
some illustrative embodiments of the invention;

FIG. 5�(A) is an end view of a hub that can be attached
to an inner cannula in some illustrative embodi-
ments, FIG. 5�(B) is a perspective view of the hub
shown in FIG. 5 �(A), and FIG. 5�(C) is a cross-�sectional
view of the hub shown in FIG. 5�(A), attached to an
inner cannula, and taken along the line 5C-�5C’
shown in FIG. 5�(A).

FIG. 6 �(A) is a front view of a head that can be at-
tached to an outer cannula in some illustrative em-
bodiments, FIG. 6�(B) is a cross-�sectional side view
of a connector portion of the head shown in FIG. 6
(A) taken along the line 66-66’ shown in FIG. 6�(D),

FIG. 6 �(C) is a side view of the head shown in FIG, 6
(A) from substantially perpendicular to the view
shown in FIG. 6 �(A), and FIG. 6�(D) is a top view of
the connector portion of the head shown in FIG. 6
(A) looking downward into the head in FIG. 6�(A).

FIG. 7 is a perspective view of a multiple cannula
assembly according to some illustrative embodi-
ments of the invention including a stiffened tip por-
tion;

FIG. 8 is a perspective view showing an outer can-
nula including a stiffened tip portion as shown in FIG.
7;

FIG. 9 is a perspective view of an obsturator accord-
ing to some illustrative embodiments of the invention;
and

FIG. 10 is a magnified cross- �sectional photograph
depicting the material of the inner cannula according
to some illustrative embodiments of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

�[0012] In some preferred embodiments, a multiple
cannula system is provided that Includes an outer can-
nula and a substantially co- �axial inner cannula. Prefera-
bly, the outer cannula is an arcuate shaped flexible tube
with a disposable inner cannula. In the most preferred
embodiments, the multiple cannula system is a trache-
ostomy tube system. However, various embodiments
and/or aspects of various embodiments can involve mul-
tiple cannula assemblies for other purposes and/or en-
vironments.
�[0013] In some embodiments, the system can include
a percutaneous tracheostomy tube structure. In addition,
in some embodiments, the system can include an ex-
pandable (e.g., inflatable) cuff. In some examples, cuffed
products can be used with percutaneous dilatational tra-
cheotomy (PDT) procedures. In various embodiments,
the assembly can incorporate features (such as, e.g.,
materials, etc.) of existing cannula tube systems and
methods, such as, e.g., that set forth in the above-�noted
patents incorporated herein by reference.
�[0014] Preferably, the device can be placed in a patient
surgically and/or percutaneously in, e.g., an acute care
setting. In some embodiments, the tracheostomy tubes
are generally temporary and provide a method for venti-
lation that can be, e.g., more comfortable and less prob-
lematic than long- �term endotracheal intubation. The tra-
cheostomy tubes can preferably provide an artificial air-
way that will improve airway access for clearing secre-
tions, permitting voice restoration and/or improving pul-
monary status by reducing the work of breathing and/or
lowering physiological dead- �space. In various embodi-
ments, the device can be used to provide an artificial
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airway in order to assist in the treatment of a variety of
respiratory diseases and/or in airway management for
patients.
�[0015] In some embodiments, the devices can be im-
plemented by ear-�nose- �throat specialist physicians
(ENTs) and/or any other physicians performing surgical
and/or percutaneous tracheostomy procedures. The
product can be used, e.g., with critically ill and/or injured
patients that require, e.g., substantially long-�term secu-
rity of their airway and/or substantially long-�term ventila-
tion.
�[0016] In some embodiments, a variety of tracheosto-
my tube systems can be provided having different sizes.
For example, sizes can range, in some embodiments,
between about sizes of 6, 7, 8, 9 and 10 mm for the inside
diameter (I.D.) of an outer cannula (not including, e.g.,
cuff features). In some embodiments, a tracheostomy
tube system can include one or more of the following
features: �

• a flexible outer cannula with a flexible disposable
inner cannula;

• the outer cannula can be cuffed or uncuffed;

• the outer cannula can include a percutaneous tip
(which can be made, e.g., compatible with a percu-
taneous dilatational loading dilator) or a dilatational
tracheostomy (PDT) style tip; and/or

• a cuff pressure indicator (CPI)�(in some embodi-
ments, the assembly can employ, by way of exam-
ple, one or more of the indicator devices shown in
U.S. Patent Nos. 4,074,714, 4,116,201 or 4,133,303
of The Kendall Company).

�[0017] Preferably, the system is based on a modular
product platform. For example, the product design can
be modular in nature. A modular design platform can al-
low, e.g., the manufacture of many different but specific
end design product configurations. In preferred embod-
iments, the inner and outer cannulas are bendable and
flexible.
�[0018] In some embodiments, the product can be
packaged as follows: individual assemblies can be pack-
aged in, e.g., trays, while a plurality of trays can be pack-
aged together as a unit in a carton. Preferably, disposable
inner cannulas are packaged in trays, while, for example,
about ten such trays can be packaged in a carton. In
preferred embodiments, additional disposable inner can-
nulas can be purchased separately.
�[0019] In some embodiments, the product is provided
to the customer in a sterile condition (e.g., in a sterile
package). In some examples, the method of sterilization
can include ethylene oxide (EtO) gas sterilization. In
some embodiments, the device is used for only a single
patient and/or a single use.
�[0020] In preferred embodiments, the materials used

will perform appropriately after exposure to at least some,
preferably all, of the following chemical/�cleaning agents:
isotonic saline solution; water soluble lubricants or gels;
typical disinfectant solutions; isopropyl alcohol and wa-
ter. In preferred embodiments, the materials used will
perform appropriately after repeated exposure to com-
mon respiratory drug aerosols including: bronchodila-
tors; steroids; mucolytics; surfactants; antibiotics; and/or
their related gas and/or liquid propellants (perfiourocar-
bons [CFCs and CFC- �free PFCs], methanes, alcohols,
etc.). In preferred embodiments, the materials used shall
perform appropriately during and after exposure to con-
ventional anesthetic gases in clinically expected concen-
trations including, e.g.: flourane and/or halothane. In pre-
ferred embodiments, the materials used shall pass ISO
10993-1 biological safety tests appropriate for their in-
tended use. In preferred embodiments, the materials
used and the packaging shall be Latex free.
�[0021] FIGS. 1-9 show some illustrative embodiments
of the invention. In this regard, FIG. 1 shows a tracheos-
tomy tube assembly including, an outer cannula 30 hav-
ing a head 60 fixed at a proximal end, an inner cannula
55 (shown in dashed lines) having a hub 50 fixed at a
proximal end (the hub SO shown protruding slightly from
the head 60); a neck flange 40; an inflatable cuff 30C;
and a pilot balloon 100 for inflating the inflatable cuff.
While a wide variety of embodiments are encompassed
by this disclosure, in some illustrative embodiments, the
parts can be made substantially in proportion to that
shown in the figures. For example, in some embodi-
ments, the parts can be made substantially as shown in
one or more of the FIGS. 1-9, with such figures being
proportional and to scale as shown in various illustrative
and non-�limiting embodiments of the invention.
�[0022] FIG. 2 is a table depicting some illustrative and
non-�limiting examples of dimensions for an outer cannula
in some Illustrative embodiments of the invention, includ-
ing product sizes 6-10, having respective inside diameter
(I.D.) in millimeters, outside diameter (O.D.) in millime-
ters, and lengths in millimeters. FIG. 2 also depicts some
illustrative dimensions of the cuff in a resting condition
along with inflation volumes in the illustrative embodi-
ments shown. It should be understood that these illus-
trative embodiments are merely illustrative and do not
limit the wide range of the various embodiments that may
be constructed.

Outer Cannula

�[0023] In some preferred embodiments, the outer can-
nula is a generally flexible tube. Preferably, the outer can-
nula has a generally constant cross- �sectional shape. The
outer cannula can be constructed of a variety of materials.
In some preferred embodiments, it can be constructed
with, for example, a flexible polyvinyl chloride (PVC). In
some embodiments, the outer cannula can be manufac-
tured in a variety of sizes, such as, by way of example
only, 6.0, 7.0, 8.0, 9.0 and 10.0 mm internal diameter
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sizes as shown in FIG. 2. In some embodiments, the
outer cannula can be substantially clear with, e.g., a radio
opaque portion �(s) or line�(s). Preferably, the outer cannula
30 is made with biocompatible materials. In some em-
bodiments, the cannula 30 can be made with a material
having a Shore A Hardness of about between about 70
to 100, or, more preferably, between about 75 to 95, or,
more preferably, between about 80 to 90, or, more pref-
erably, between about 82 to 88, or, more preferably,
about 85. In some preferred embodiments, the outer can-
nula 30 has a Shore A Hardness of 85 plus-�or- �minus 3.
�[0024] In the most preferred embodiments, the outer
cannula 30 is formed by extrusion. For example, the outer
cannula can preferably be formed by the forcing of sof-
tened polymeric material through the orifice of a die to
produce a continuous product of a controlled cross sec-
tion, using an extruder.
�[0025] As shown in FIGS. 3�(B) and 3 �(C), the cannula
30 preferably includes a large substantially circular inter-
nal lumen 30L that, among other things, receives the in-
ner cannula 55 (as described below) and a small airway
lumen 301 that extends inside a length of the wall of the
cannula 30 between an air inlet 30i and a cuff inlet 30Ci
to supply/ �return air to/ �from the cuff 30C. Preferably, the
lumen 30i does not communicate with the lumen 30L
(e.g., such that air within the lumen 301 will not enter the
lumen 30L). As shown in dashed lines in FIG. 3�(B), the
line 30CL can be connected to the inlet 30i to supply air
therein. In some embodiments, the lumen 301 can be
formed during extrusion and, then, after extrusion inlets
301 and 30Ci can be formed (e.g., by cutting) and the
lumen 301 can be sealed at proximal and distal ends to
provide a sealed air passage. In some embodiments, the
lumen 301 can be formed after extrusion of the cannula.
Of course, while extrusion is preferred, the cannula can
be formed using numerous other methods (such as, e.g.,
various molding methods).
�[0026] In some embodiments, as shown in FIGS. 3 �(A)
and 3 �(B), the outer cannula has a head 60 fixed thereto.
Preferably, the head includes a connector portion 61 and
a base portion 62. In some illustrative embodiments, the
connector 61 can be a 15 mm connector (e.g., the diam-
eter D, shown in FIG. 6�(C), can be, e.g., about 15 mm or
about .�599 inches in some illustrative embodiments).
Preferably, the head 60 is bonded securely to the outer
cannula 30 via the base portion 62 and does not detach
under normal use conditions. In some embodiments, the
base portion 62 and the connector portion 61 can be in-
tegrally formed together (e.g., as a single, integrally mold-
ed piece). In some embodiments, the base portion 62
and the connector portion 61 can be welded and/or oth-
erwise connected together (such as, e.g., via ultrasonic
welding). In some embodiments, the head 60 can be
molded to and/or integrally formed with the outer cannula
30. Preferably, the base 62 of the head includes two lock-
ing detentions or holes 62H, shown in FIG. 6�(A)), for re-
ceiving arms 40F extending from the the flange 40 so as
to retain the flange 40 in a pivoting and/or swiveling man-

ner on the head base. Preferably, the head base also
includes a seat 62S for a hub of the inner cannula. In
some embodiments, the head (including the base 62
and/or the connector 61) can be formed with, e.g., acry-
lonitrile butadiene styrene (ABS). In some embodiments,
the head can be colored, such as, e.g., white.
�[0027] As shown in FIG. 3�(B), the base 62 preferably
includes a seat 62S (such as, e.g., including a conical
surface as shown), an outer depending cylindrical exten-
sion 620, an inner depending cylindrical extension 621,
and a cylindrical recess or groove 62R between the outer
and inner extensions 62O and 62I. As shown in FIG. 3
(B), a proximal end of the outer cannula 30 can be re-
ceived in the cylindrical recess 62R for attachment there-
to. Preferably, in embodiments having an inner extension
62I, the extension 62I has a thin cross- �sectional width so
as to minimize interference during insertion of an inner
cannula and to maximize the size of the inner cannula
that can be inserted. For example, in some illustrative
and non-�limiting embodiments that can be used with
products listed in FIG. 2, the width of the extension 62I
is preferably less than about .�03 inches, or, preferably,
about .�027 inches or less.

Different Flexibilities

�[0028] In some embodiments, the outer cannula 30
can include portions with substantially different flexibili-
ties (such as, e.g., substantially different durometer char-
acteristics). In general, it can be desirable to have a trach
tube that is flexible so as to enable it to bend and curve
to different physiologies such that it can be inserted into
a wide variety of patients relatively easily. However, in
some instances, when the end of the outer cannula is
very flexible, insertion into the airway can be somewhat
difficult.
�[0029] In some embodiments, the outer cannula is
formed with an end portion that includes a material that
is substantially stiff (e.g., substantially rigid). As shown,
for example, in FIGS. 7-8, an outer cannula can include
an end portion 70 that is made with a substantially stiff
material and which is attached to a portion 30’ that is
made of a substantially flexible material at a junction 71.
For example, the cannula portion 30’ can be made with
materials like that used for the cannula 30 described in
various embodiments herein. In some embodiments, the
materials can be bonded together using an RF welding
process. For example, in some embodiments, the mate-
rials can be bonded together using one or more materials
and/or processes described in U.S. Patent No.
4,419,095, the entire disclosure of which is incorporated
herein by reference. In some embodiments, the materials
are bonded together by continuous extrusion of two dif-
ferent and mutually chemically compatible elements. For
example, in some embodiments, the materials can be
bonded together using one or more materials and/or
processes described in PCT International Publication
No. WO 97/37702, published October 16, 1997, entitled
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Bronchoaspiration Tube Having Soft And Hard Portions,
the entire disclosure of which is incorporated herein by
reference. In illustrative embodiments employing an ex-
trusion, the tip and cannula 30’ portions would be made
with substantially continuous cross-�sections, but could
be, e.g., modified after extrusion (if desired).
�[0030] In some embodiments, the tip portion 70 has a
Shore D hardness of about 50 to 70, or, more preferably,
about 55 to 65, or, more preferably, about 6. In some
illustrative embodiments, the tip portion 70 has a Shore
D hardness of about 60 plus-�or-�minus 2. In some illus-
trative embodiments, the tip portion 70 can have a Shore
A hardness of about 105 to 115. In some embodiments,
the tip portion 70 can be made with a rigid PVC.
�[0031] In some embodiments, the cannula portion 30’
can be made with a material having a Shore A Hardness
of about between about 70 to 100, or, more preferably,
between about 75 to 95, or, more preferably, between
about 80 to 90, or, more preferably, between about 82
to 88, or, mor-�preferably, about 85. In some preferred
embodiments, the outer cannula portion 30’ can have a
Shore A Hardness of 85 plus-�or-�minus 3.
�[0032] In some embodiments, the tip 70 can have a
total length of between about .�4 to .�8 inches, or, prefer-
ably, about .�6 inches. In some embodiments, the tip can
have a wall cross- �sectional width d1 that is about equal
to the cross- �sectional width of the cannula 30’ such as,
e.g., comparable to the embodiments shown in FIG. 2 In
some illustrative cases (e.g., wherein O.D. minus I.D.
multiplied by � equals the cross-�sectional wall width).
�[0033] In tests of some preferred embodiments,
strengths of parts of the device according to some em-
bodiments have been found to withstand separation forc-
es of well over 11 lbs, such as, e.g., well over about 20
lbs, and even over about 40 lbs, and even over about 60
lbs of force in some embodiments. Here, separate forces
include longitudinal forces applied between the tip 70 and
the portion 30’.

Stepped Portion

�[0034] In some embodiments, the outer cannula in-
cludes a downward step portion 72 as shown, by way of
example, in FIGS. 7-8, Although FIGS. 7-8 depict em-
bodiments with a stiffer tip 70, a stepped portion 72 could
also be applied in embodiments which do not include
such a stiffer tip 70.
�[0035] Among other things, the stepped portion can
most advantageously be used in conjunction with em-
bodiments including a cuff. In this regard, when the cuff
is formed around the outer cannula, an outwardly bulge
or shoulder created by the cuff can be substantially or
entirely eliminated. In this manner, the device can, e.g.,
be more easily surgically or percutaneously inserted into
a patient with a very low force/�insertion force. In some
embodiments, the stepped portion 72 extends inward
about .�01 to . �02 inches, or, more preferably, about . �013
to .�017 inches, or, preferably, about .�015 inches.

Inner Cannula

�[0036] In some embodiments, a flexible inner cannula
55 is included. Preferably, the inner cannula 55 is dis-
posable and/or replaceable. In that regard, the inner can-
nula Is preferably designed to be easily removed from
the outer cannula 30. Preferably, the inner cannula 55 is
sufficiently flexible to accommodate the shape of the out-
er cannula into which it is placed with a low insertion force
and/or with a low removal force. The inner cannula pref-
erably does not kink during use. In addition, the inner
cannula 55 preferably has a length that substantially
matches the length of the outer cannula at its distal tip
(i.e., the end of the inner cannula 55E, see FIG. 5 �(C), is
preferably commensurate with the end of the outer can-
nula). In some embodiments, alignment members and/or
marks M1, M2, such as shown in, e.g., FIG. 5�(A) and 6
(D), can be provided on the inner and outer cannula con-
nectors to help depict when they are locked (see below
regarding connection process steps).
�[0037] In the most preferred embodiments, the inner
cannula 55 is also formed by extrusion. Once again, such
extrusion can include, e.g., the forcing of softened poly-
meric material through the orifice of a die to produce a
continuous product of a controlled cross section, using
an extruder. Of course, while extrusion is preferred, the
cannula can be formed using numerous other methods
(such as, e.g., various molding methods).
�[0038] In some preferred embodiments, the inner can-
nula includes a hub 50 fixed to its proximal end. In some
embodiments, the hub includes a twist-�lock connector
that secures inside a respective connector in the outer
cannula (such as, e.g., within a 15 mm connector on the
tracheostomy tube). Preferably, the hub 50 includes a
ridged or knurled portion 50K so as to facilitate manual
operation (e.g., rotation) of the hub 50 such as shown in
FIG. 1. In addition, the hub 50 preferably includes a plu-
rality of protrusions 50P that are configured to lock under
the locking members 61R on the head shown in FIGS. 3
(B), 6 �(B) and 6 �(D) when inserted past the locking mem-
bers and rotated to a position under the locking members.
Preferably, the protrusions 50P have a rounded top sur-
face to facilitate entry under the members 61R during
this rotation. In preferred embodiments, the protrusions
50P can slide under the members 61R Into a recess
61RR of the head adjacent an end stop 61S that abuts
the protrusions 50P to prevent further rotation.
�[0039] In some preferred embodiments, the tube 55
can be formed with a polytetrafluoroethylene (PTFE) ma-
terial. The tube can, in some embodiments, be colored,
such as, e.g., white. In some embodiments, the hub can
be made with a variety of appropriate materials, such as,
e.g., polymer materials that are substantially rigid. In
some illustrative embodiments, the hub can have a color,
such as, e.g., white. In some preferred embodiments, the
hub can be bonded to the inner cannula using an over-
molding process. Preferably, the hub is adapted to lock
the Inner cannula within the outer cannula.
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�[0040] In some embodiments, the inner cannula is
made with a high density porous expanded PTFE (ePT-
FE). For example, in some embodiments, the density can
be about 1.2 +0.0 - 0.1 g/ccm. In other illustrative em-
bodiments, the density can vary from the above by about,
for example, plus-�or-�minus 5%, or, in other embodi-
ments, about plus-�or-�minus 10%, or, In other embodi-
ments, about plus-�or- �minus 25%, or, in other embodi-
ments even more.
�[0041] In some embodiments, the inner cannula has a
substantially constant cross-�sectional shape as is sub-
stantially cylindrical with open ends on distal and proxi-
mal ends. In some embodiments, the ends of the cylin-
drical cannula are approximately at about an 85 to 95
degree angle, preferably about a 90 degree angle, to the
length of the inner cannula (e.g., when the cannula, which
is preferably flexible, is arranged such that its length is
along a substantially straight line).
�[0042] In some illustrative embodiments, the inner
cannuia can have a wall thickness of between about
0.01-0.02 inches, or, more preferably, between about
0.014-0.018 inches, or, more preferably, between about
0.0145-0.0175 inches, or, more preferably, about 0.016
inches. In some illustrative and non-�limiting embodi-
ments, respective inner cannulas usable with the illus-
trative outer cannula product sizes 6, 7, 8, 9 and 10 in
FIG. 2 can have inner diameters of, e.g., about 0.186,
0.226, 0.265, 0.298, and 0.338 inches, respectively. In
some illustrative and non- �limiting embodiments, respec-
tive inner cannulas usable with the illustrative outer can-
nuia product sizes 6, 7, 8, 9 and 10 in FIG. 2 can have
outer diameters of, e.g., about 0.218, 0.258, 0.297,
0.336, and 0.376 inches (plus-�or- �minus about 0.005 inch-
es), respectively. Similarly, in some illustrative and non-
limiting embodiments, respective hubs 50 usable with
the product sizes 6, 7, 8, 9 and 10 in FIG. 2 can have,
by way of example: dimensions W of about 0.226, 0.265,
0.304, 0.344, 0.384 Inches, respectively; dimensions
WO of about 0.5-0.65 inches, or, more preferably, about .
58 inches; dimensions Hi of about 0.15 inches; dimen-
sions H2 of about 0.35 inches, respectively; and, an angle
0 of about 45 degrees. In some illustrative embodiments,
the hub 50 can have dimensions substantially as shown
in FIGS. 5�(A), 5�(B) or 5�(C), with such figures being shown
to scale in some illustrative and non-�limiting embodi-
ments.
�[0043] In some embodiments, the inner cannula can
be opaque. In some preferred embodiments, the inner
cannuia can be configured to lock into a 15 mm connector
on an outer tracheostomy cannula. In this manner, the
15 mm connector can be readily adapted for use with
standard respiratory equipment.
�[0044] In some preferred embodiments, TEFLON is
used for the inner cannula. The TEFLON inner cannula
can be used, in some embodiments, to improve the
LD./O.D. ratio of the tracheostomy tube. Among other
things, TEFLON can be advantageous since it can slide
in and out of the outer cannula relatively well which can

allow the inner cannula outside diameter to be as large
as possible which allowing for maximum movement of
air. This improved LD./O.D. ratio can be used to improve
airflow through the tube when the inner cannula is in
place. The improved airflow can provide lower airway
resistance and reduced work required during breathing.
In addition, reducing airway resistance can also enhance
a weaning process with an improvement in patient acuity
and a reduction in the length of stay (LOS) in acute care,
�[0045] In addition, TEFLON can be used to reduce the
propensity of viscous secretions adhering to an inner wall
of the inner cannula. A reduction in secretion adherence
can, among other things, help to diminish I.D. reduction
due to secretions (e.g., clogging). In this regard, when
the airway is properly humidified and the patient is prop-
erly hydrated, patient secretons.can have a lower affinity
for adherence to the TEFLON inner cannula.
�[0046] In the more preferred embodiments, the mate-
rial of the inner cannula is made with a porous poly-
tetrafluoroethylene (PTFE). In some embodiments, the
material can be made using at least some, preferably all,
of the following steps:�

• Granulating: the material preferably begins as a
granulated powder.

• Mixing: the powder is preferably mixed with, e.g., an
ultrapure mineral spirit that serves as a lubricant dur-
ing extrusion.

• Compressing: the mixture is preferably compressed
into a charge.

• Loading: the charge is preferably loaded into an ex-
truder (in some preferred embodiments, the extruder
is a horizontal extruder design).

• Extruding: concentricity Is preferably achieved by
carefully lining up the tooling of the extruder. A die
and a mandrel can tie attached. The extrudate can
be collected.

• Evaporating: plugs can be attached to the ends and
the mineral spirits can be evaporated off.

• Stretching & Sintering: the material is then preferably
stretched in an oven. Then, the material is preferably
heated above its melting point (e.g., sintered). The
material properties can be solidified during the sin-
tering phase of the process.

• Annealing: the airway tube is preferably then sub-
jected to an annealing process. The annealing proc-
ess can, e.g., ensure that the material remains round
after processing.

�[0047] In preferred embodiments, the process creates
a unique structure of nodes N and fibers F, such as de-
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picted in the magnified photograph shown in FIG. 10.
Preferably, the nodes are arranged around the circum-
ference of the tubing and the fibers are oriented along
the length of the tubing. In preferred embodiments, this
structure allows the material to compress and flex without
a significant change in the outer diameter and/or the
cross-�sectional area. In some embodiments, this can oc-
cur because the fibers collapse between the nodes. In
this manner, structural integrity of the tubing can be
achieved through, e.g., such an arrangement of nodes
and fibers, with the nodes providing support around the
wall of the tubing making it difficult to collapse.
�[0048] Among other things, the node and fiber struc-
ture facilitates connection of the hub 50 to the inner can-
nula 55. In this regard, an overmold process is preferably
used. While achieving a connection to a TEFLON mate-
rial could otherwise be difficult because it can be difficult
to form a strong hold to the TEFLON, the node and fiber
structure enhances the ability of the hub to connect to
the cannula 55 - such as, e.g., by providing a surface to
which the hub can connect and bond to.
�[0049] In preferred embodiments, the inner cannula is
constructed such that when the cannula is bent (such as,
e.g., during use), the inner cannula does not fold, block
and/or restrict the airway there- �through. Among other
things, the preferred materials of the inner cannula de-
scribed herein can advantageously substantially main-
tain the diameter and/or the cross-�sectional area of the
inner cannula even during bending. For example, the
cross-�sectional area of the inner cannula can be main-
tained substantially constant even when bent within an
angle and arc similar to that shown, e.g., in FIG. 3�(B)�(for
example, the angle can be, e.g., about 95, 100, 105 or
110 degrees in some embodiments and the arc can have
a radius of curvature of about 1.5 to 2 inches in some
embodiments, or, as some examples, about 1.664,
1.765, 1.793 or 1.821 inches).

Neck Flange

�[0050] In some embodiments, the device includes a
pivotally or swivelly mounted neck flange 40, best shown
in FIGS. 1 and 4, that provides conformity to flt onto in-
dividual neck anatomies. In some embodiments, the neck
flange 40 can be provided with tie strap holes 40H for
attachment to a tie strap 40T. The tie strap can be, e.g.,
configured to strap around the patient’s neck and may
include means to adjust the length, to separate via a
buckle and/or dip and/or the like. Preferably, the nackf-
lange 40 is configured to pivot or swivel relative to the
outer cannula 30. The range of pivoting or swiveling can
be selected depending on circumstances. Preferably, the
neck flange is flexible such that it can conform to the
contour of an individual patient’s neck during use. In pre-
ferred embodiments, the neck flange remains in a sub-
stantiallyfixed condition relative to a length of the outer
cannula (e.g., in preferred embodiments, it is not longi-
tudinally adjusted along the length of the cannula). Pref-

erably, the neck flange 40 has sufficient integrity to pre-
vent material failure during bending, flexing and/or stress
under proper and intended use conditions.
�[0051] In some embodiments, the neck flange includes
an inner ring 401 (shown in dashed lines in FIG. 4) and
an outer ring 40R. In some embodiments, the inner ring
401 can be made with a dear polycarbonate material,
and the outer flange 40R can be made with a clear PVC
material. In some preferred embodiments, the neck
flange 40 includes printing 40P thereon related to the
product, such as, e.g., product name, I.D., 0.0., length
and/or style information and/or other information. When
such an inner ring 401 is used, the outer ring is, �preferably
fixed thereto, such as using an overmold process. In var-
ious embodiments, the neck flange does not include inner
and outer rings, but is formed as a single unitarily molded
member 40.

Cuff

�[0052] In some embodiments, the outer cannula in-
cludes a cuff 30C. A cuff can be provided, when desired,
on models that include a percutaneous tip and/or on mod-
els without a percutaneous tip. The cuff is preferably a
thin- �wall, high-�volume and/or low-�pressure cuff to mini-
mize tracheal pressure. Preferably, when inflated, the
cuff conforms to the natural shape of the trachea provid-
ing a seal at low intracuff pressure. In some embodi-
ments, the cuff can be made of a transparent material.
In some illustrative embodiments, it can be made with a
plastisol material. In some illustrative and non-�limiting
embodiments, the cuff can include properties as shown
in the Illustrative table of FIG. 2.
�[0053] In some embodiments, a cuff inflation line 30CL,
such as, e.g., that shown in FIG. 1, preferably includes
a luer valve with an integral pilot balloon 100 to effect
cuff inflation. In some embodiments, a cuff pressure in-
dicator (CPI), such as, e.g., CPI 110 shown in FIG. 7, is
provided to indicate to a clinician when the cuff is inflated
to a sufficient pressure after the trach tube is inserted. In
some preferred embodiments, the pressure indicator
provides a visual display such as, e.g., a digital display,
a mechanical display (e.g., a needle, dial, etc.) and/or
another display. For example, the cuff pressure indicator
can include, e.g., a valve, a pilot balloon, connector tubing
(e.g., made with PVC or the like). In some embodiments
the cuff pressure indicator can have an operating pres-
sure of about 15-25 cm of H2O.
�[0054] In some embodiments, during use, to ease in-
sertion during surgical tracheotomy and to guard against
cuff perforation from sharp edges of, for example, carti-
lage, the cuff can be tapered back. For example, this can
be accomplished by first inflating the cuff and moving the
cuff away from the distal tip of the outer cannula towards
the swivel neck plate while the residual air is removed
by deflation.
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Disposable Cap

�[0055] In some embodiments, a disposable cap (not
shown) can also be used to occlude a proximal end of a
cuffless tracheostomy tube such that the patient breathes
around the outer diameter of the tube and through the
upper airway tract during the weaning process.
�[0056] In some embodiments, disposable caps can be
made available (e.g., sold) in a variety of sizes that cor-
respond to various available cannula sizes of cuffless
disposable cannula tracheostomy tubes and can be pur-
chased separately.

Percutaneous

�[0057] In some embodiments, the device can be used
in conjunction with a percutaneous dilatational tracheot-
omy (P.D.T.) and can be inserted into the patient using,
for example, an appropriate loading dilator provided with
a percutaneous dilatational kit, such as, e.g., any appro-
priate kit known in the art. For example, a percutaneous
kit can include, among other things, e.g., a rod-�like intro-
ducer that is used to create a hole in a patient’s neck.
�[0058] In some percutaneous embodiments, an outer
cannula includes a rigid tip, such as, e.g., a rigid tip similar
to that shown in FIGS. 7-8. Additionally, while FIGS. 7-8
show a rigid tip with a stepped portion, as should be un-
derstood based on the above, a stepped portion can be
omitted in various embodiments.

Obturator

�[0059] In some preferred embodiments, a tracheosto-
my tube assembly includes an obturator as shown in FIG.
9. An obturator can be used, e.g., to help insert the outer
cannula into a patient in, e.g., non-�percutaneous embod-
iments. For instance, the obturator can be initially insert-
ed into the outer cannula during insertion and then re-
moved. In some instances, an obturator can be stored in
an accessible location near the patient for use during an
unscheduled reintubation. Preferably, the obturator in-
cludes a smooth, rounded-�tip that facilitates insertion.
Preferably, the obturator is easy to insert and remove.
Preferably, the obturator does not come out of the outer
cannula in a manner to fall out under its own weight if the
tube is in an inverted position. Preferably, the obturator
does not recess into the outer cannula beyond its toler-
ance limit when insertion forces are applied to its distal
tip while its proximal end is being held securely against
the head assembly of the product. In some illustrative
and non-�limiting embodiments usable with products 6, 7,
8, 9, and 10 shown in FIG. 2, the obturator can have a
length OL of about 3.866, 4.205, 4.345, 4.595, or 4.615
inches, respectively. In use, the physician can, e.g.,
grasp the obturator at the base OB. Preferably, the ob-
turator includes an identification marking OM designating
the size or other characteristics (e.g., a product size 6
being shown in the illustrated example).

�[0060] In some illustrative embodiments, the obturator
can be made with a high-�density polyethylene (HDPE).

Other Features

�[0061] In some embodiments, the tracheostomy tube
system can also include some or all of the following ad-
ditional features:�

• speaking and/or weaning means: such as, e.g., fa-
cilitating the administration of oxygen to be passed
up the trachea across the vocal chords; and/or in-
cluding fenestrations in the outer and/or inner can-
nula to facilitate speaking and/or weaning;

• anti-�microbial means: such as, e.g., an anti-�microbial
coating to reduce bacterial colonization;

• evacuation means: such as an evacuation means
(EVAC) that, e.g., facilitates the removal of, e.g., sub-
glottic secretions which can pool above, e.g., a tube’s
cuff.

Illustrative Methods of Use (e.g., Surgical)

�[0062] In some illustrative embodiments, methods of
use can include at least some, preferably all, of the below-
listed steps.

Step 1: Tube Insertion:

�[0063] Initially, a physician can select an appropriate
tracheostomy tube assembly size. Preferably, the obtu-
rator is inserted into the outer cannula. The obturator
preferably is fully seated before the tube is inserted into
the patient. In some instances, a thin film of watersoluble
lubricant can be applied to the outer cannula, cuff and/or
protruding portion of the obturator to facilitate insertion.
�[0064] Before insertion, the physician will preferably
perform a surgical or P.D.T. tracheotomy procedure.
Then, the tracheostomy tube (i.e., the outer cannula) can
be inserted into the patient’s trachea with the obturator
inside the tracheostomy tube. After the outer cannula is
properly in place, the physician preferably removes the
obturator promply.
�[0065] Then, the physician preferably inserts the dis-
posable inner cannula into the outer cannuia. Upon full
insertion, the physician preferably locks the inner cannula
in an inserted position by turning the inner cannula (such
as, e.g., depicted in FIG. 1). For example, in some pre-
ferred embodiments, the inner cannula can be locked
with two motions: 1) inserting the inner cannula to an
insertion position; and 2) rotating the inner cannula to a
locked position from the insertion position. Preferably,
the inner cannula is locked upon a rotation of less than
about 180 degrees, or, more preferably, less than about
135 degrees, or, more preferably, about 90 degrees or
less. Preferably, the inner cannula is locked upon a ro-
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tation of between about between about 10 degrees to
170 degrees, or, more preferably, between about 45 de-
grees and 135 degrees, or, more preferably, between
about 70 degrees and 110 degrees, or, more preferably,
about 114 turn or about 90 degrees, Preferably, the can-
nula locks in place upon a clockwise rotation and is re-
leased upon a counterclockwise rotation, such as, e.g.,
shown in FIG. 1.

Step 2: Cuff Inflation:

�[0066] In embodiments having an inflatable cuff, the
operation can be as follows. The cuff can preferably be
inflated by injecting air into a luer valve of the inflation
line using, for example, a hand-�operated syringe (not
shown).
�[0067] Preferably, selection of cuff inflation andjor de-
flation procedures can be chosen at the discretion of the
physician based on circumstances.

Step 3: Securement of Tube:

�[0068] In some embodiments, the tracheostomy tube
assembly can be secured to a patient using a neck strap.
In preferred embodiments, a neck strap will be provided
with an initial assembly kit.

Step 4: Cuff Deflation:

�[0069] In some embodiments having an inflatable cuff,
accumulated secretions above the cuff are evacuated
by, e.g., suctioning before deflating the cuff, unless, e.g.,
suctioning is contraindicated.
�[0070] Preferably, to deflate the cuff, the physician
withdraws the air slowly from the luer valve of the inflation
line using, e.g., a syringe (not shown).

Step 5: Using a Disposable Cap:

�[0071] In some embodiments, a disposable cap (not
shown) can be used. Preferably, the cap has a universal
size that can be used with various model sizes. The cap
preferably occludes the proximal end of the outer can-
nula, forcing the patient to breathe through the patent’s
upper airway tract. In this manner, this can help to es-
tablish the patency of the patient’s upper airway tract.
Preferably, the patient’s airway is cleared by coughing
and/or suctioning before capping the tracheostomy tube.
�[0072] In some embodiments, to apply the cap, the
physician pushes it securely over, e.g., a 15 mm connec-
tor.
�[0073] In some embodiments, if a patient is to be me-
chanically ventilated, the cap can be removed, and the
device can be connected to a ventilator.

Step 6: Removing the Inner Cannula

�[0074] In some embodiments, the inner cannula can

be removed and/or replaced as follows. Preferably, the
disposable inner cannula can be removed by manually
rotating the inner cannula hub about 1/4- turn counter-
clockwise (such as, e.g., shown in FIG. 1) and, then, man-
ually pulling it outward.
�[0075] Preferably, after the inner cannula has been re-
moved, it can be replaced with a new inner cannula. If
desired, a ventilator can then be connected to provide or
reestablish ventilation. In embodiments having an inflat-
able cuff, before removing the outer cannula tracheosto-
my tube, the cuff is preferably substantially completely
deflated (such as, e.g., using a syringe). This can help
to ensure, e.g., that the cuff passes through the stoma
with minimal resistance.

Illustrative Percutaneous Methods

�[0076] In some embodiments, the device can be con-
figured for percutaneous use. In this regard, for example,
the tracheostomy tube can be used, e.g., in conjunction
with P.D.T. Accordingly, sterile techniques can be fol-
lowed for the handling and placement of the tracheosto-
my tube.
�[0077] In some illustrative embodiments, methods of
use can include at least some, preferably all, of the below-
described steps.
�[0078] In some embodiments, a tracheostomy tube
loading dilator can be inserted into the outer cannula such
that a tapered section of the loading dilator clears the
distal tip of the tracheostomy tube (such as, e.g., by a
few centimeters). In some instances, a film of watersol-
uble lubricant can be applied to the outer cannula, a cuff
(when present) and a protruding portion of loading dilator
to facilitate insertion. As discussed above, a tracheosto-
my tube loading dilator is part of a percutaneous dilata-
tional kit as known in the art. The physician can then
perform the dilatational tracheotomy procedure and can
insert the tracheostomy tube in accordance with the
P.D.T. procedure.
�[0079] After the physician verifies a secure airway, the
physician preferably inserts and locks the inner cannula.
In some embodiments, a breathing apparatus can be at-
tached to the tracheostomy tube and the cuff can be in-
flated as set forth below.
�[0080] In preferred embodiments, using aseptic non-
contaminating techniques, the inner cannula can be in-
serted into position. In some instances, the inner cannula
can be moistened with, e.g., sterile saline to facilitate
insertion.

Broad Scope of the Invention

�[0081] While illustrative embodiments of the invention
have been described herein, the present invention is not
limited to the various preferred embodiments described
herein, but includes any and all embodiments having
modifications, omissions, combinations (e.g., of aspects
across various embodiments), adaptations and/or alter-
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ations as would be appreciated by those in the art based
on the present disclosure. The limitations in the claims
are to be interpreted broadly based on the language em-
ployed in the claims and not limited to examples de-
scribed in the present specification or during the prose-
cution of the application, which examples are to be con-
strued as non- �exclusive. For example, in the present dis-
closure, the term "preferably" is non- �exclusive and
means "preferably, but not limited to." Means-�plus- �func-
tion or step-�plus-�function limitations will only be em-
ployed where for a specific claim limitation all of the fol-
lowing conditions are present in that limitation: a) "means
for" or "step for" is expressly recited; b) a corresponding
function is expressly recited; and c) structure, material
or acts that support that structure are not recited.

Claims

1. A multiple cannula assembly for insertion into a pa-
tient, comprising: �

a) a flexible outer cannula having a proximal
head;
b) a flexible inner cannula having a proximal hub;
c) said inner cannula being longitudinally insert-
able into said outer cannula to an insertion po-
sition with said hub proximate said head;
d) said flexible inner cannula being made with
PTFE.

2. The assembly of claim 1, wherein said PTFE in-
cludes nodes and fibers.

3. The assembly of claim 2, wherein said nodes are
arranged around a circumference of the inner can-
nula.

4. The assembly of claim 2, wherein said fibers are ori-
ented along a length of the cannula.

5. The assembly of claim 3, wherein said fibers are ori-
ented along a length of the cannula.

6. The assembly of claim 1, wherein said assembly is
a tracheostomy tube assembly.

7. The assembly of claim 1, wherein said PTFE is an
annealed PTFE.

8. The assembly of claim 1, wherein said outer cannula
comprises a substantially rigid tip portion and a sub-
stantially flexible portion, said substantially rigid tip
portion being made with a rigid PVC material having
a shore D hardness of between about 55 to 65 and
said substantially flexible portion being made with a
flexible PVC material having a shore A hardness of
between about 80 to 90.

9. The assembly of claim 8, wherein said substantially
rigid tip includes a substantially conical front-�section,
a large-�diameter substantially cylindrical mid- �sec-
tion, a downward step, and a small- �diameter sub-
stantially cylindrical rear-�section.

10. The assembly of claim 8, wherein said rigid PVC
material has a shore A hardness of more than 15
greater than the shore A hardness of said substan-
tially flexible portion.

11. The assembly of claim 8, wherein said rigid PVC
material has a shore A hardness of more than 20
greater than the shore A hardness of said substan-
tially flexible portion.

12. The assembly of claim 8, wherein said substantially
rigid tip is RF welded to said substantially flexible
portion.

13. The assembly of claim 8, wherein said substantially
rigid tip is continuously extruded to said substantially
flexible portion.

14. The assembly of claim 8, further including an inflat-
able cuff and a cuff pressure indicator.

15. A method of reducing secretion adherence in a dis-
posable inner cannula of a tracheostomy tube, com-
prising: forming said inner cannula with PTFE.

16. The method of claim 15, wherein said PTFE includes
nodes and fibers.

17. The method of claim 16, wherein said nodes are ar-
ranged around a circumference of the inner cannula.

18. The method of claim 16, wherein said fibers are ori-
ented along a length of the cannula.

19. The method of claim 15, further including annealing
said PTFE.

20. The method of claim 15, further including extruding
said inner cannula.

21. The tracheostomy tube of claim 15, wherein said PT-
FE provides low affinity for adherence to inner and
outer surfaces of said inner cannula.

22. A tracheostomy tube having a disposable inner can-
nula comprising a PTFE material.
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